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Chapter 4 incidental to the normal operation of a vessel." However,
Attendant Problems and Responsibilities this exclusion doesnot apply to permanently moored ves-

sels! Permanently moored vessels could be discouraged

from marinas in order to avoid potential discharge of any

) sewage from all vessels into aquatic habitats by applying

4-1. Boat Discharges to the USEPA Administrator for issuance of a regulation

e . L. . prohibiting discharge into well-defined shellfish growing
Due to the limited circulation in most small boat basins, waters (USEPA 1985).

the discharge of pollutants from boats can have adverse
environmental impacts. Primary boat discharges include oot motor emissions
sanitary wastes and boat motor emissions.

, (1) Boat motor emissions include hydrocarbons and
a. Sanitary waste. lead. Once exhausts are released from outboard motors,
) ] some of the hydrocarbons become suspended in the water
~ (1) Sanitary waste discharges from boats pose a health,q)ymn while others evaporate at the surface (Kuzminski,
risk and can potentially violate state water quality stan- Jackivicz, and Bancroft 1973). Clark, Finely, and Gibson
dards_, e_specially for boat basins located near bathing Ol1974) suggested that small amounts of hydrocarbons
shellfishing waters.  Boat sewage can be visually {rom guthoard motor wastes may adversely affect mussels
repulsive (Chmura and Ross 1978) and may contribute 10,4 gysters. They found that mussels were more sensitive
increased BOD in receiving waters (NOAA 1976). BOD (q yyo.cycle outboard motor effluent than oysters, and
is a measure of the DO required to stabilize the v, cymylative mortality in mussels after 10 days was
decomposable matter present in a water body by aerobigg percent compared with 14 percent for oysters.
biochemical action. When BOD increases, DO available
for aquatic organisms decreases. Anaerobic waters create 2) The major source (approximately 88 percent) of
a sump for pollutants and organics resulting in stagnant,eaq that enters a basin through subsurface outboard motor
sulfide-odorous, and slow-decaying (due to low DO) gxhaust was the combustion of leaded gasoline, which is
conditions. no longer available (May and McKinney 1981). Lead is
) ) ) very toxic to most plants and is moderately toxic to mam-
(2) The most serious effect of discharging fresh fecal 55 \where it acts as a cumulative poison (Bowen 1966).
material is the potential for introducing disease-causing e aquatic organisms most sensitive to this metal are
viruses and bacteria (pathogens). Problems may occur ifgp, (Mathis and Kevern 1975). Boat motor emissions
boat sewage is released in the vicinity of shellfish (clam .5 pe reduced through the increased use of unleaded
or oyster) beds or into enclosed waterways with limited ¢,01s and by manufacturer research and development
flushing. Shellfish require clean water to be microbiolog- 4 ad at reducing the pollutants in emissions and increas-
ically safe for human consumption, regardless of whetherj,g f,e| efficiency. Public education directed toward the
they are eaten raw or partially cooked (USEPA 1985).  jnnortance of well-tuned engines in reducing emissions

_ ) and increasing efficiency is another mitigative measure to
(3) Management of boat sanitary waste dischargesys considered (USEPA 1985).

includes the installation and proper use of equipment

onboard the vessels and onshore equipment for CoIIectiorh_2 Water Quality Monitoring and Maintenance
and disposal. The onboard equipment is referred to as

marine sanitation devices (MSD). Another means of ,  gepage discharge from vessels moored in a boat
managing boat sanitary waste discharges would be 10y, is normally a minimal pollution problem. However,
educate boaters about the potential health risks associateg,o development of recreation facilities will result in
with the discharge of sewage. Boat toilet use would be onacement of existing lands with impervious surfaces,

redu%e(jj i ”mar_ma; gllschouraggd I|ve-abo:1rq?_ amfjincreases in contaminants and surface runoff, and
provided well-maintained shoreside restroom facilities of i\ reqced siltation.

sufficient quantity to accommodate above-average boating
populations. Shoreside facilities must be convenient to
the docks (Chmura and Ross 1978). USEPA does not
require a National Pollutant Discharge Elimination System ' Letter from Roger O. Olmstead, Program Manager,
permit for: "Any discharge of sewage from vessels, efflu- Shellfish Sanitation, USFDA, Atlanta, GA to J. David
ent from properly functioning marine engines, laundry, Clem, Chief, Shellfish Sanitation Branch, 1 December
shower, and galley sink wastes, or any other dischargel982.
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If small boat basin design results in a confined basin, a. Marinas.
there is the potential for stagnation and eventual accumu-
lation of pollutants. This can result in decreases in dis- (1) The impacts of small boat basins are dependent on
solved oxygen levels below acceptable levels. The basinthe sensitivity of the site selected, the design of the
should be oriented so that flushing currents are intro- marina, and the extent of the impacts on the environment.
duced. Design components to encourage flushing includeThe nature of a small boat basin dictates the need for
taking advantage of prevailing winds; elimination of cor- protected waters that are conducive to stagnation and
ners or projections in basin design; and shaping and slop-associated water quality problems. Basins that contain
ing of the bottom of the basin. In severe cases, flushingdead-end canals and are inadequately flushed may create
can be achieved by pumping water from an adjacent areamajor water quality problems. Stagnation may result in
or by aerating the basin. higher temperatures and salinities in the basin than in
unmodified areas. Poor circulation may also result in the
b. Water quality monitoring can be expensive. The buildup of debris, organic material in the water and sedi-
most economical alternative compared to field monitoring ments, phytoplankton blooms, depletion of oxygen in the
may be the use of a numerical model. All models require water, and associated fish kills (de La Cruz 1983; McBee
some field data for proper calibration. Tetra Tech (1988) and Breham 1979). There are a number of design fea-
determined that a better and more cost-effective approachures that can be considered to improve the environmental
would be a combination of both water quality monitoring quality of a harbor. The shape of the basin is important.
and numerical modeling. These models may be used tdt should fit the flow patterns of the area if possible. This
predict flushing time and pollutant concentrations without requires avoiding square-shaped basins and dead-end
site-specific data.  Another advantage of numerical canals that create dead-water areas. Basins should be
models over field monitoring is the ability to perform constructed so that they are not deeper than their access
sensitivity analyses to establish a set of design criteria.channel. The most desirable design would be a marina
Numerical models may be used to evaluate different alter-with a wide deep entrance channel with gradually decreas-
native designs to determine the configuration that woulding depths toward the inner harbor (NOAA 1976). This
provide for maximum flushing of pollutants. These mod- design would provide improved flushing rates in the
els may also be used to perform sensitivity analysis on themarina. With this design, larger vessels could be moored

selected optimum design. toward the mouth of the marina and shallower draft ves-
sels in inner portions of the harbor. Flow-through designs
4-3. Environmental Effects of Structures would also be desirable. Open piles and floating break-

waters would be more conducive to water circulation in a
Breakwaters and jetties associated with marinas, boatbasin. Where an open flow-through design is not feasible,
ramps, or harbors can benefit aquatic biota. Gravel andbreaches or culverts should be considered to enhance
cobble provide substrate for small plants, crustaceans, andirculation and flushing of the basin. A small boat basin
molluscs, which are food for fishes and waterfowl (Miller should not be located near sewage or industrial outfalls
1988, Payne 1989). In addition, rock structures createthat may compound potential water quality problems.
guiescent areas that are used by larval and juvenile fishes,
as well as freshwater mussels and crustaceans. Jetties and(2) Water quality in the harbor may be further
other rock structures may be particularly beneficial if they impacted by boating activities. Petroleum products may
are placed in lakes or estuaries where substrate consistBe released in the water from boat engines. Boating
mainly of fine-grained sands and silts. The negative operations may also add to the turbidity of the water in
effects of these structures probably originate from the basin if it is shallow and may result in a reduction of
improper construction practices. Heavy equipment shouldphotosynthesis and dissolved oxygen in the water. Gener-
be kept clear of shallow aquatic habitats, wetland vegeta-ally, a water depth of 2-3 ft between the propeller of a
tion, and unstable banks. Coarse rock and riprap are thevessel and the bottom during low water should prevent
best materials for construction of jetties and other rock these problems (NOAA 1976). Other water quality prob-
structures. Although automobile bodies and rubble from lems may result from oil spills, sewage disposal, and land
construction can be used in place of riprap, this materialrunoff into the basin. Contamination may also result from
is unsightly and can be dangerous forswimmers and mayprotective paints (copper) on boats.
be a source of toxicants or nuisance flotsam.
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(3) Noise and air pollution from construction and/or direct assault of waves (EM 1110-2-1204). Because of
operation of a marina may also disturb aquatic and terresthe higher cost of these offshore structures, breakwaters

trial animals and humans in the immediate area. have been mainly used for harbor protection and naviga-
tional purposes. In recent years, shore-parallel, detached,
b. Jetties. or segmented breakwaters have been used for shore

protection structures.

(1) Jetties associated with marinas are structures used
to stabilize the position of the navigation channel, to (2) Breakwaters have both beneficial and detrimental
shield vessels from wave forces, and to control the effects on the shore. All breakwaters reduce or eliminate
movement of sand along the adjacent beaches so as twave action in the lee (shadow). However, whether they
minimize the movement of sand into the channel are offshore, detached, or shore-connected structures, the
(EM 1110-2-1204). The sand transported into a channelreduction or elimination of wave action also reduces the
will interfere with navigation depth. Because of the long- longshore transport in the shadow of the breakwater. For
shore transport reversals common at many sites, jetties areffshore breakwaters, reducing the wave action leads to a
often required on both sides of a channel to achieve com-sand accretion.
plete channel protection. It is the impoundment of sand at
the updrift jetty that creates the major physical impact. (3) Shore-connected breakwaters provide protection to
When fully developed, the impounded sand extends wellharbors from wave action and have the advantage of a
updrift on the beach and outward toward the tip of the shore arm to facilitate construction and maintenance of
jetty. the structure (Figure 4-1).

(2) Another major physical impact of a jetty is the (4) At a harbor breakwater, the longshore movement of
erosion of the downdrift beach. Before the installation of sand generally can be restored by pumping sand from the
a jetty, nature supplies sand by intermittently transporting side where sand accumulates through a pipeline to the
it along shore. The reduction or cessation of this sanderoded downdrift beach.
transport due to the presence of a jetty leaves the down-
drift beach with an inadequate natural supply of sand to (5) Offshore breakwaters have also been used in con-
replace that carried away by littoral currents. junction with navigation structures to control channel

shoaling. If the offshore breakwater is placed immedi-

(3) To minimize the downdrift erosion, some projects ately updrift from a navigation opening, the structure
provide for periodically dredging the sand impounded by impounds sand in its lee, prevents it from entering the
the updrift jetty and pumping it through a pipeline to the navigation channel, and affords shelter for a floating
downdrift eroding beach. This pumping provides nourish- dredge plant to pump out the impounded material across
ment of the downdrift beach and also reduces shoaling ofthe channel to the downdrift beach.
the channel. If the sand impounded at the updrift jetty
extends to the head or seaward end of the jetty, sand will d. Physical considerations.
move around the jetty and into the channel, causing a
navigation hazard. Therefore, the purpose of sand bypass- (1) Jetty, breakwater, and marina construction are
ing is not only to reduce downdrift erosion, but also to invariably accompanied by localized changes in the
help maintain a safe navigation channel. hydrodynamic regime, creating new hydraulic and wave

energy conditions. The initial disruption of the estab-

(4) One design alternative for sand bypassing involveslished dynamic equilibrium will be followed by a trend
a low section or weir in the updrift jetty over which sand toward a new set of equilibrium conditions. Rapid
moves into a sheltered, predredged deposition basin. Bydynamic alterations in the physical environment may
dredging the basin periodically, channel shoaling is occur in the short-term time scale as the shore processes
reduced or eliminated. The dredged material is periodi-respond to the influence of the new structures. Slower,
cally pumped across the navigation channel to providemore gradual, and perhaps more subtle changes may
nourishment for the downdrift shore. occur over the long term.

c. Breakwaters. (2) In light of the dynamic character of shore process-
es, assessment of the effects of coastal engineering pro-
(1) Breakwaters are wave energy barriers designed tgects on shorelines is a difficult task. Shoreline changes
protect any land form or water area behind them from the
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the downdrift shoreline will be deprived of this sediment
and become subject to erosion. In circumstances where
waves are refracted around the structures in a proper
manner, accretion can occur along the seaward side of a
downdrift jetty. Reflection of waves from a jetty or
breakwater may also cause erosion of adjacent shorelines.
However, erosion further down the shoreline is not pre-
cluded. Planning for adequate sand bypassing is, in view
of the above considerations, a critical requirement of
coastal construction.

(3) Erosion related to jetties will not necessarily be
limited to downdrift shorelines. Jetties confine flows
through a channel such that current velocities are
increased. An enhancement of ebb jet flows will result in
displacement of sediments from between the jetties in a
seaward direction to deeper waters.

(4) Shore-connected breakwaters of a small boat basin
affect shorelines in much the same manner as jetties.
Accretion occurs along the updrift junction of shore and
structure and continues until longshore transport is
deflected around the free end to the breakwater
(Figure 4-1). Calm waters in the protected lee of the
breakwater provide a depositional area that can rapidly
shoal. Sediments trapped in the accretional area and
terminal shoal are prevented from reaching downdrift
beaches, and substantial erosion may result.

(5) Offshore breakwaters create depositional areas in
their "shadows" by reflecting or dissipating wave energy
Figure 4-1. Erosion and accretion patterns in associa- (Figure 4-1). Reduction of wave energy impacting a
tion with detached and attached breakwaters shoreline in the lee of the structure retards the longshore

transport of sediments out of the area and accretion
induced by the presence of a structure may be masked bgnsues. The extent of accretion will depend on the exist-
wide annual or seasonal fluctuations in natural physicaling balance of shore processes at a given project site.
processes. Several events, however, can be predicted iGenerally, a cuspate spit will develop between the shore-
response to jetty, breakwater, and marina constructionline and the structure as the system approaches a new
with reasonable certainty. For example, by creating equilibrium. However, if the breakwater is situated in the
wave-sheltered areas, construction will result in changedlittoral zone such that it forms a very effective sediment
in the erosional and depositional patterns along adjacentrap, a complete connection will eventually form, merging
beaches, both inshore and offshore. A jetty or shore-the shoreline with the structure. A tombola associated
connected breakwater will form a barrier to longshore with an offshore breakwater may present a severe obstruc-
transport if the structure extends seaward beyond the surfion to littoral transport and trap a significant volume of
zone. Spatial extent of the ensuing shoreline alterationsediment. Extensive downdrift erosion may result.
will depend on the structure’s effectiveness as a sediment
trap, which is a function of its orientation to the (6) By modifying the cross-sectional area of a channel,
prevailing wave climate. Updrift accretion of sediments jetty construction potentially can alter the tidal prism, or
will continue until the sink area is filled to capacity and volume of water entering or exiting through a channel in
the readjusted shoreline deflects longshore transport pastne tidal cycle. Enlarging a channel can increase the tidal
the seaward terminus of the jetty. The volume of sedi- range within a harbor. In connection with channel
ment trapped by the structure represents material removedieepening, seawater may intrude further into the harbor
from the natural sand bypassing process. Consequentlythan occurred under pre-project conditions. Circulation
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patterns within a basin may be altered as a consequenc8ushing rate of the basin is too slow to provide adequate
of modified floodwater current conditions. Thus, the area removal of the contaminants, toxic concentrations may
physically affected by jetty construction might be result (USEPA 1985, NOAA 1976, U.S. Fish and Wildlife
extended appreciable distances from the actual projecService 1980, EM 1110-2-1204). Also, fluctuations in

site. parameters such as salinity, temperature, dissolved oxy-
gen, and dissolved organics may be induced by construc-
e. Water quality considerations. tion or due to altered circulation patterns. Anticipated

changes in these parameters should be evaluated with

(1) Suspended sediments. During the construction andreference to the known ecological requirements of impor-
dredging of a small boat basin, suspended sediment contant biological resources in the project area.
centrations may be elevated in the water immediately
adjacent to the operations (EM 1110-2-1204, U.S. Army f. Biological considerations.
Corps of Engineers 1989, NOAA 1976). In many
instances, however, construction and dredging will be (1) Habitat losses. Measurable amounts of bottom
occurring in naturally turbid estuarine or coastal waters. habitat are physically eradicated in the path of a fixed
Plants and animals residing in these environments argetty or breakwater during construction of a small boat
generally adapted to, and are very tolerant of, high sus-basin. If a rubble-mound structure with a toe-to-toe width
pended sediment concentrations. The current state obf 164 ft (50 m) is used as an example, 0.6 mile (1 km)
knowledge concerning suspended sediment effects indi-of structure removes approximately 12.5 acres (5 ha) of
cates that anticipated levels (generally less thanpreexisting bottom habitat (EM 1110-2-1204). Once a
1,000 mg/l) generated by construction and dredging do notstructure is in place, water currents and turbulence along
pose a significant risk to most biological resources its base can produce a scouring action, which continually
(U.S. Army Corps of Engineers 1989). The adaptability shifts the bed material. Scour holes may develop, particu-
of the animals to high turbidities may minimize environ- larly at the ends of structures. Scouring action may effec-
mental impacts. However, turbidity control is always in tively prevent the colonization and utilization of that
the best interest of the environment during construction orhabitat area by sediment-dwelling organisms. Effects of
dredging activities. Although estuaries and coastal watersscouring are largely confined to entrance channels and
are generally more turbid than coral reefs, they are notnarrow strips of bottom habitat immediately adjacent to
insensitive to potentially indiscriminate construction prac- structures. Usually, only a portion of the perimeter of a
tices. High levels of suspended sediment concentrationsstructure will be subject to scouring, such as along the
remain a concern in construction projects. Limited spatial channel side of the downdrift jetty. Generally, the
extent and temporal duration of turbidity fields associated amount of soft bottom habitat lost at a given project site
with these construction activities reinforce this assessmentwill be insignificant in comparison with the total amount
However, when construction and dredging are to occur inof that habitat available. Exceptions to this statement may
a clear-water environment, such as in the vicinity of coral exist, such as where breakwater construction and dredging
reefs or sea grass beds, precautions should be taken tof the total enclosed harbor area will displace large
minimize the amounts of resuspended sediments. Organacreages of intertidal habitat. Often such habitats function
isms in these environments are generally less tolerant tcas nursery areas for estuarine-dependent juvenile stages of
increased siltation rates, reduced levels of available light,fishes and shellfish, and the availability of those habitats
and other effects of elevated suspended sediment concerwill be a determining factor in the population dynamics of
trations (U.S. Army Corps of Engineers 1983, these species. Most marina projects, however, require
EM 1110-2-1204). Potential negative impacts can beonly a small amount of dredging. The impacts of these
somewhat alleviated by erection of a floating silt curtain projects will be minor provided marshes, sea grasses, and
around the point of impact when current and wave condi- other critical habitat are not disturbed. Dredged material
tions allow. However, high-energy conditions usually should be placed on high ground within the marina area,
preclude the use of silt curtains (NOAA 1976, if possible (NOAA 1976). Dredged material can be used
EM 1110-2-1202). to improve coastal ecosystems if it can be disposed in a

manner to establish artificial marshes, sea grass beds, and

(2) Other water quality impacts. Indirect impacts on shellfish beds (NOAA 1976, EM 1110-2-5026, Pullen and
water quality may result from changes in the hydrody- Thayer 1989). Additional habitat losses may occur when
namic regime. The most notable impact of this type is significant erosion of downdrift shorelines impacts spawn-
associated with breakwaters which form a semi-enclosedng or nesting habitats of fishes, shorebirds, or other
basin used for small boat harbors or marinas. If the organisms and when the tidal range of a harbor is
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modified by entrance channel modification, which in turn of rubble-mound structures also maximize the surface area
affects coastal habitat. Short-term impacts of this type of habitat created. Structures with sloping sides also
may also occur during construction activities as heavy provide more habitat within a given depth interval than
equipment gains access to the project site. Small boatstructures with vertical elements. Where depths are suffi-
basins in some coastal regions are constructed in areas dfient, the biota on jetties and breakwaters exhibit vertical
rocks or other hard bottoms and may require blasting tozonation, with different assemblages of organisms having
break up the rocks during construction. Fish kills may discrete depth distributions. In general, then, structures
result from the blasting. The major damage is to fish built in deep waters will support a more diverse flora and
with swim bladders. Tests have shown that a force offauna than those in shallow waters. This pattern will be
40-50 psi from a high explosive charge is usually fatal to influenced by such factors as latitude and tidal range.
adult fish with swim bladders, whereas a charge as low as

2.7 psi will kill juveniles (U.S. Army Corps of Engineers (c) Just as changes in shoreline configuration and

1989). beach profile can entail habitat loss, they can also repre-
sent habitat gain. Accretional areas, such as exposed
(2) Habitat gains. bars, and the above-water portion of structures may be

used, for example, by wading and shorebirds for nesting,
(a) Losses of benthic (bottom) habitat and associatedfeeding, and resting sites.

benthos (bottom-dwelling organisms) due to physical
eradication or scouring will gradually be offset by the (3) Migration of fishes and shellfishes.
gain of new habitat represented by the structures them-
selves and the biological community, which becomes (a) Eggs and larvae. Early life history stages, namely
established thereon (NOAA 1976, EM 1110-2-1204). The eggs and larvae, of many important commercial and sport
trade-off made in replacing "soft" (mud or sand) bottom fishes and shellfishes are almost entirely dependent on
habitat with "hard" (rock, at least in rubble-mound struc- water currents for transportation between spawning
tures) bottom habitat has generally been viewed as agrounds and nursery areas (EM 1110-2-1204). A concern
beneficial impact associated with jetty and breakwater which has sometimes been voiced by resource agencies in
projects. Submerged portions of jetties and breakwatersyelation to jetty projects is that altered patterns of water
including intertidal segments of coastal structures, func-flow may adversely affect the transport of eggs and lar-
tion as artificial reef habitats and are rapidly colonized by vae. Those eggs and larvae carried by longshore currents
opportunistic aguatic organisms. Over the course of time,might be especially susceptible to entrapment or delay in
structures in marine, estuarine, and most freshwatereddies and slack areas formed adjacent to updrift jetties at
environments develop diverse, productive, reeflike com-various times in the tidal cycle. Even short delays in the
munities. Detailed descriptions of the biota colonizing passage of eggs and larvae may be significant because of
rubble-mound structures have been made for project sitesritical relationships between the developmental stage
on the Pacific (Johnson and De Wit 1978), Atlantic (Van when feeding begins and the availability of their food
Dolah, Knott, and Calder 1984), Gulf of Mexico (Hastings items. All aspects of this potential impact remain hypo-
1979; Whitten, Rosene, and Hedgpeth 1950), and Greathetical. No conclusive evidence exists to support either
Lakes (Manny et al. 1985) coastlines. In some geo-the presence or absence of impacts on egg and larval
graphical areas, jetties and breakwaters provide the onlytransport. This fact is true even where jetties have been
nearshore source of hard-bottom habitat. Also, exposedoresent for relatively long spans of time. The complexity
portions of detached structures may be colonized byof the physical and biological processes involved would
seabirds. render field assessments of this impact a long-term and

expensive undertaking. The results of hydraulic modeling

(b) The ultimate character of the biological commu- studies related to this question have been inconclusive

nity found on a jetty or breakwater of a small boat basin (U.S. Army Corps of Engineers 1980). Future modeling
will depend on the quality of habitat afforded by the studies combined with field verification studies may pro-
construction materials used. Physical complexity (i.e., vide insight into resolving the validity of this concern.
rough surfaces with many interstitial spaces and a high
surface area to volume ratio) is a desirable feature of (b) Juveniles and adults. Similar concern has been
rubblemound structures in comparison with the relatively voiced regarding potential impacts of jetties and break-
smooth, flat surface of steel sheet-pile, concrete bulkheadwaters on migration of juvenile and adult fishes and shell-
caisson structures (EM 1110-2-1204, NOAA 1976, fishes. These stages generally have well-developed
U.S. Fish and Wildlife Service 1980). The sloping sides swimming capabilities, such that physical barriers imposed
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by these structures are less of a concern than aréntegration. Environmental considerations must not be an
behavioral barriers. This issue has been raised primarilyafterthought. ~ Structural design criteria should seek to
in association with projects in the Pacific Northwest, and minimize negative environmental impacts and optimize
with anadromous fishes in particular (Faurot et al. 1989). yield of suitable habitat for biological resources. Mini-
Anadromous fishes, including many salmonids, spendmizing impacts can best be achieved by critical compari-
much of their adult life in the ocean, then return to fresh sons of a range of project alternatives, including the
water to spawn. Early life history stages spend variousalternative of no construction. From an environmental
lengths of time in fresh water before moving downstream perspective, site selection is perhaps the single most
to estuaries where the transition to the juvenile stage isimportant decision in the planning process. However,
completed. Specific concerns are that juveniles or adultsvarious engineering design features can be incorporated to
will not circumvent structures that extend for considerable optimize an alternative from an ecological viewpoint. For
distances offshore. Juveniles in particular are known toexample, opting for a floating rather than fixed break-
migrate in narrow corridors of shallow water along coast- water design might alleviate most concerns related to
lines and may be reluctant, due to depth preferences, tdmpacts on circulation, littoral transport, and the migration
move into deeper waters. The State of Washington hasof fishes, because passage is allowed beneath the struc-
developed criteria whereby continuous structures thatture. Floating breakwaters are also excellent fish attrac-
extend beyond mean low water are prohibited. Designs oftions and still provide substrate for attachment and shelter
coastal structures there are required to incorporatefor many other organisms.
breaches or gaps to accommodate fish passage
(EM 1110-2-1204). (b) In planning small boat harbors, configurations that
minimize flushing problems should be examined. Rectan-
(4) Increase predation pressure. Coastal rubble-moundyular basins that maximize the area available for docks
structures provide substrate for the establishment of artifi-and piers characteristically have poor water circulation,
cial reef communities. As such, jetties and breakwatersparticularly in the angular corner areas. Designs with
serve as a focal point for congregations of fishes androunded corners and entrance channels located so that
shellfishes which feed on sources of food or find shelter flood tidal jets provide adequate mixing throughout the
there. Many large predator species are among thoséiasin are desirable. Selection of a less steep rubble-
attracted to the structures in numbers, as evidenced by thenound side-slope angle will maximize the availability of
popularity of jetties and breakwaters as sites of intenseintertidal and subtidal habitat surface areas. The size
sport fishing. Thus, there is concern, again largely associ-class of stone used in armor layers of rubble-mound struc-
ated with projects in the Pacific Northwest, that high tures is another engineering design feature that has habitat
densities of predators in the vicinity of jetties and break- value consequences. Selection of large-size material
waters pose a th